ing artery are notoriously difficult to treat either by conservative or surgical means.
details of their experiences with this problem during the past 3 or 4 years. The data thus generously supplied for over ~00 eases were tabulated. Questionnaires were not sent to certain neurosurgeons who had already published this type of data, while some who were invited to participate sent their regrets.
Every type of intracranial procedure listed was carried out by at least 4 and usually by 10 or more of the neurosurgeons participating in this survey.~ A few apparent discrepancies in some of the tables are the resuit of insufficient details in some of the reports submitted. All data apply only to favorable-risk (alert) or reasonably favorable (lethargic) -risk but not comatose patients. Comatose patients are not considered in detail because all died except ~ who underwent operation to salvage them.
Ligation of the carotid artery in the neck also has not been considered because it was reported in only 3 cases. Although all 3 patients have fared well thus far, as have Odom's 7 5 patients treated similarly, Shenkin 9 has reported a mortality of close to 50 per cent following ligation of the carotid artery for the treatment of ruptured aneurysms of the anterior communicating artery. The use of deep hypothernfia with circulatory arrest also has not been mentioned because this procedure had been used in so few cases at the time these questionnaires were mailed.
In the tables that follow the letter "E" stands for excellent as to postoperative result, "F" for fair (meaning a slight but not incapacitating neurological deficit that may or may not have existed prior to surgery), "P" means the poor or permanently incapacitated patients thus representing morbidity, while "D" indicates those who died. The mortality rate includes all patients who died from any cause clearly related to surgery within a year after operation. Table 1 suggests that if early intracranial surgery is contemplated the ideal time after the last hemorrhage is from the 7th to the 9th day inclusive. This is in keeping with recent surveys by Mr. Murray Falconer and Mr. A. E. Richardson, both of London, England (personal communications).
TIMING OF OPERATION
The mortality rate is high for patients operated upon during clay 1 through 6 after hemorrhage, but far better from days 7 to 9. The high mortality rate of 39 per cent from days 10 to 13 (Table 1 ) may reflect a tendency in some otherwise favorable cases for the delayed effects of cerebral vasospasrn s to affect adversely the outcome of surgery in this period. One patient listed in this group died of recurrent hemorrhage (luring the induction of anesthesia.
Five other patients of favorable risk, all under 50 years of age and alert, also died of recurrent hemorrhage although in the hospital awaiting planned surgery: 1 on the 7th, 3 during the 10-to 13-day period, and 1 on the ~0th day after subarachnoid bleeding. Thus 6 (or 8 per cent of all comparable patients of good risk who were operated upon during these same periods) died without the possible benefits of surgery, because of delayed operative intervention (Table 1) .
To summarize: delay of operation for more than 9 days may lead to unnecessary loss of life while too early surgical intervention, from days 1 to 6, carries a forbiddingly high mortality rate (except for young goodrisk patients). Since the mortality is lower in the 7-to 9-day period than in the 1-to 6-or 10-to 13-day intervals, the ideal time for the surgery of these aneurysms of the anterior communicating artery, after presenting hemorrhage, would seem to bc 7 to 9 days. Another reason for not delaying operation is indicated by Table 3 which shouts a higher surgical mortality and a higher incidence of coma if recurrent hemorrhages have occurred.
Before discussing surgical techniques, let us first look at other factors that may influenec the results of intracranial surgery.
FACTORS RELATED TO INTRACRANIAL

SURGERY
Age. In all the operative cases of patients under 50 years of age the mortality was approximately ~0 per cent and for just clipping the aneurysm approximately 17 per cent. For all patients ovcr 50 the mortality was ~4 per cent and for clipping the aneurysm 1~ per cent (Table ~) .
A further breakdown of cases in which the aneurysm was simply clipped is shown in Table 9 . For alert patients under 50 years of age (A) the mortality ranged from 9 to 13 per cent depending on the surgical approach. For patients over 50 and/or those lethargic at the time of operation the mortality ranged from 9 to ~ per cent (B). In Table 9 , as elsewhere in the text, emphasis is placed on postoperative morbidity as well as mortality, for it is usually just as disastrous to have a patient seriously crippled by operation as to have a fatality. For this reason the morbidity figures have also been included and the combined percentage for morbidity plus mortality is listed for each type of procedure. As can be seen from Table  9 this gives a truer picture of results than mortality alone, and shows that age over 50 and a poor pre-operative state can increase seriously the total number of poor operative results.
Blood Pressure. For all patients operated upon who were normotensive (not over 150 ram. Hg systolic) the mortality was ~ per cent and for clipping the aneurysm 14 per cent. For all patients with long-documented hypertension the mortality was ~ per cent and for clipping the aneurysm 19 per cent.
Pre-Operative Condition. In all cases of patients who were alert and in good condition before operation the mortality was 16 per cent and for just clipping the aneurysm, 16 per cent. For all lethargic patients the mortality was 3r per cent and for those lethargic patients whose aneurysm was simply clipped it was 16 per cent (Table ~) .
The morbidity after operation, however, was higher in age groups over 50 and in lethargic patients, as stated above (Table 9 ) and for those with hypertension regardless of the type of intracranial approach.
While age, condition and blood pressure are important factors, as Botterell et al. 2 were among the first to point out, neither age over 50 nor vascular hypertension alone seemed as significant as a poor pre-operative condition in contributing to poor surgical results in this series.
Intervals Between Multiple Pre-Operative Hemorrhages. Patients seemed more apt to do poorly after operation (Table 3) when two or more pre-operative hemorrhages had been spaced closely, i.e. less than 7 days apart. These data, as Harris ~ also pointed out, emphasize the need for prompt study and operation after the first episode of subarachnoid hemorrhage. As already indicated, delays can be dangerous.
Angiographic Complications. Complications precipitated by pre-operative angiography such as transitory hemiplegia, aphasia or severely increased headache, occurred in 7 patients (Table 4) . Of these 7 cases postoperative results were excellent in only 1, fair in 1 and very poor in 3, while ~ patients died who became too ill to be operated upon. Hypertension and/or a lethargic state characterized the 5 patients who fared so badly. These observations suggest that postponement of surgery is advisable if significant complications are associated with angiography.
Vasospasm. Cerebral vasospasm revealed by pre-operative angiography apparently may influence postoperative mortality, for patients with no or minimal (one-plus) spasm had a postoperative mortality rate of 14 per cent as compared with ~.6 per cent for those with a severe degree of vasospasm.
Premature Rupture at Operation. During exposure, rupture of these aneurysms prior to local hemostatic control of their blood supply was associated more often with poor postoperative results than when no such rupture occurred: a l0 per cent morbidity and 17.6 per cent mortality with no rupture as contrasted with 30 per cent morbidity and ~8 per cent mortality when such rupture occurred. The combined morbidity plus mortality rate with no rupture thus was nearly ~8 per cent compared with 58 per cent in cases of rupture. By way of corroboration, Harris ' cited 11 patients in whom the aneurysm ruptured during operation with 6 deaths. He added that unilateral control of one anterior cerebral artery is often not sufficient to stop the bleeding from such a rupture, as the writer also has experienced.S
The use of bilateral temporary clips to prevent such ruptures (see below) seems well worth while, for even if rupture then occurs bleeding is minimal so that the aneurysm usually can be clipped successfully. Table 5 indicates that in general hypothermia during surgery nlay not lead to quite as good results as normothermia, but that intravenous use of urea in general appears to have a beneficial effect especially in the normothermic group. The usual range of hypothermia in this series was from ~8 ~ to 30~
Hypothermia and Urea.
Variations in the operative and postoperative use of hypothermia and urea and other aids to surgery, such as induced hypotension or spinal drainage, make their evaluation --No op. difficult except in the general way indicated by Table 5 . The writer agrees with Harris, 3 however, that during operation induced hypotension can be dangerous for elderly or hypertensive patients and also feels that it should be avoided when any prolonged temporary occlusive measures are used.
SURGICAL TECHNIQUES
Proximal occlusion (Logue 4) of one anterior cerebral artery was reported in 33 cases with 9 per cent morbidity and 18 per cent mortality ( Table 6 ).
The combined figure for this morbidity and mortality gives a total of 37 per cent. This corresponds almost exactly with the total estimates of poor and fatal results from this procedure on patients of equivalently good risk, which also includes those who died of recurrent postoperative hemorrhage, as reported by Logue, 4 McKissock et al. 5 and Harris? While proximal occlusion of the anterior crebral artery technically is comparatively simple, its major drawbacks are the risk of hemiplegia or changes in personality and the threat of fatal recurrent hemorrhage. The fact that prompt re-operation for recurrent hemorrhage in 3 patients in this series saved 3, after then clipping the aneurysm, suggests that it might be better to clip favorably situated aneurysms initially.
Muscle Wrapping. Wrapping of the aneurysm with muscle (or occasionally Gelfoam) was done in 34 eases by various neurosurgeons with 13 per cent morbidity and 16 per cent mortality (Table 6 ). As seen in Table 13 on postoperative hemorrhages, each of these two procedures (proximal occlusion of the anterior cerebral artery or wrapping) occasionally failed to prevent postoperative bleeding that sometimes proved fatal.
Multiple Clipping of Anterior Cerebral Arteries. One of the great hazards in the surgery of these aneurysms can be the inadvertent or the intended application of multiple clips to more than one segment of the anterior cerebral arterial system so that there is not only obliteration of the proximal segment of the anterior cerebral artery, but additional occlusion by dipping of either the aneurysm itself, the anterior eomnmnieating artery, and/or the distal segment or even the opposite proximal anterior cerebral artery. Sometimes this has been done purposely with the intent of local trapping of the aneurysm, occasionally without ill effects, when prolonged hypothermia has been used postoperatively. By and large, multiple dipping of this vital part of the circle of Willis, as shown in Table 7 , has been fraught with disastrous results. The morbidity rate is 33 per cent and the mortality rate 38 per cent, giving a combined figure for these sad results of 61 per cent.
Multiple Aneurysms. Another hazard is the occurrence of an additional aneurysm other than that of the anterior communicating artery. There were le such cases in this series with a postoperative mortality of 41 per cent and morbidity rate of 16 per cent, making a total of 57 per cent bad results. If both aneurysms were treated surgically, however, the mortality was reduced to e5 per cent in contrast to 75 per cent when only one of two was dealt with (Table 8) . It would seem prudent therefore to deal simultaneously, whenever feasible, with both aneurysms if two exist, if operation can be undertaken at all in such cases. Otherwise the aneurysm that ruptured should be treated first and at a second operation the other one treated. It is almost always possible to deternfine which aneurysm has bled because of the local vasospasm conunonly adjacent to the site of rupture, s
In most cases of multiple aneurysms, the second arose from the internal carotid artery. In 1 case an unsuspected aneurysin of the basilar artery ruptured 3 weeks after successful clipping of an aneurysm of the anterior communicating artery, while in another case two aneurysms of the middle cerebral artery had been treated by carotid ligation in the neck prior to clipping successfully the subsequently ruptured aneurysm of the anterior communicating artery. Two patients had a small aneurysm of the anterior cerebral artery just distal to the sac of the anterior communicating artery. One survived, in excellent condition, after clipping both aneurysms at one stage. The other died, after successfully clipping the aneurysm of the anterior communicating artery (that had ruptured) because the second small distal aneurysm, unrecognized, bled 10 days later.
Clipping the Aneurysm. In an effort to reduce the frequency of premature rupture of aneurysms of the anterior communicating artery at operation, the routine preliminary use of temporary clips has been tried, s This technique has now been used in more than 35 cases by 1~ neurosurgeons, but only the 35 cases listed in Table  9 have been followed long enough to report. The use of bilateral temporary clips when applied before exposure of the aneurysm rather than after an unexpected rupture of the ~ac, and when used via a bifrontal rather than unilateral bone flap, has proved efficacious. The total mortality (Table 10) (Table 9) , although, as shown, older or lethargic patients did not fare this well. (Table 9 should be studied with care to avoid any confusion between the combined morbidity and mortality figures with the mortality rates for each procedure.)
While equally good or somewhat better over-all results in clipping the aneurysm can be attained without their use it seems wise to consider their value, as one never knows which aneurysm may otherwise rupture prematurely and thus lead to serious technical difficulties and consequently a tragic postoperative result. As stated previously, however, the choice of procedure hinges in each ease on many factors, such as the character of the aneurysm and local circulation and the cardiovascular as well as the cerebral circulatory condition of the patient.
Postoperative angiographic studies (as well as postmortem studies) have shown that temporary clips may be used with safety as indicated by the normal appearance of arteries to which they have been applied for periods of 8 to ~5 rain. (average 18 rain.) under hypothermia of ~8~ (Table 1 t). Note that the anterior cerebral arteries were abnormal (thrombosed) in 3 cases in which temporary clips were not used.
In weighing the relative merits of the various techniques described, it will be seen from Table 11 that the aneurysm may still fill after wrapping with muscle or Gelfoam or after proximal oeclusion of one anterior cerebral artery but usually not after clipping.
Postoperative Hemorrhages. Aside from eases of inadequate treatment of multiple aneurysms, the incidence of postoperative hemorrhages, often fatal, appeared to be greatest after wrapping with nmsele, less after proximal occlusion of the anterior cerebral artery, and least after direct clipping of the aneurysm (Table 1~) .
Miscellaneous. (a) There appeared to be no correlation between the size, shape, or direction of pointing of aneurysmal sacs and symptomatology, operative results or tendency to rupture at operation as Harris 3 also found.
(b) Operation towards the end of or immediately after pregnancy in ~2 patients proved fatal, suggesting the advisability of delaying operation until a reasonable interval after pregnancy whenever possible.
(c) Hydrocephalus secondary to hemorrhagic basilar arachnoiditis is known to have occurred in at least 4 patients and proved fatal, because unrecognized and hence untreated, in r Timely recognition of this postoperative complication with appropriate therapy led to full recovery in the other ~.
Frontal-Lobe Resection. There was no significant statistical difference in over-all results that seemed to hinge on whether or not resection of the frontal pole was carried out as part of the initial procedure. However, one gained the impression that partial resection of the frontal lobe often contributed to better postoperative results, especially in the unilateral approach. It was also clear that a few patients who had postoperative cerebral edema (but not all) were saved by re-operation and partial resection of the frontal lobe.
Circle of Willis. Abnormalities of the circle of Willis occurred with essentially the same frequency and characteristics as reported by Bilat. others. 
DISCUSSION
With respect to the various surgical procedures cited, there is no doubt that proximal occlusion of the anterior cerebral artery can be extremely useful as indicated by the fact that its over-all or combined figure for morbidity plus mortality compares so favorably with that for other procedures.
The principal drawback to proximal occlusion of the anterior cerebral artery is the hazard of recurrent hemorrhage as indicated by this survey and by McKissoek el al. 5 who reported 6 such postoperative fatalities, Harris 3 who reported 3, and Logue 4 who reported 1. In older or poor-risk patients whose circulation already is compromised by arteriosclerosis or by the effects of cerebral vasospasm, proximal occlusion of the anterior cerebral artery can lead to serious cerebral edema or infarctions and thus to permanent disability or death, lq'isher has had no eases of recurrent hemorrhage after using the Logue procedure, however.
While wrapping the aneurysm with muscle, Gelfoam or gauze also may be followed by similar difficulties, this method seems highly desirable and useful especially for cases in which proximal occlusion is excessively risky or when the aneurysm is so broad-based or brittle that it cannot be occluded readily by clipping.
Clipping of the aneurysm or its neck seems to the writer to be the procedure of choice, if it can be done with reasonable ease, for this can preserve the circulation through both anterior cerebral arteries and also give the greatest assurance that recurrent hemorrhage will not occur. The precautionary use of bilateral temporary clips applied to each anterior cerebral artery, through a small bifrontal flap, seems to be a distinct advantage. As tested now by 10 neurosurgeons in this group and 11 others, it has proved a safe and useful procedure provided the clips are not left in place too long and that a marked degree of hypotension during their application is not allowed to take place, for the latter prevents adequate collateral flow through connections of the middle cerebral arteries. The method of bilateral temporary clips, however, perhaps had better be omitted in patients over 50 who are in poor physical, circulatory or cerebral circulatory condition. Patients as old as 60, however, have tolerated this bilateral approach perfectly well when in relatively good pre-operatire condition.
If temporary clips are used, they should be reasonably small and without too strong a bite so that they do not injure the arteries to which they are applied and thus lead to thrombosis. If a bifrontal flap is used, care should be taken not to reflect or kink that portion of the dura mater containing the superior longitudinal sinus lest the latter become thrombosed.
Multiple permanent clipping of more than one segment of the anterior cerebral arterial system should be avoided as such local trapping procedures at this critical circulatory crossroad too often, though not always, prove disastrous.
Multiple (two) aneurysms should both be dealt with whenever possible. Sometimes this can be done easily at the same operative procedure, sometimes at a second stage without too much delay. The aneurysm that has ruptured almost always can be detected by the presence of associated local vasospasm.
Other Factors. This survey showed surprisingly little over-all differences in mortality with respect to age and hypertension (Table  ~) . For the entire series of cases including all types of surgery, however, the pre-operative condition seemed an important factor. The good-risk or alert patients fared twice as well as the lethargic or poorer-risk patients. This did not seem to apply, however, to the over-all average for all 106 cases in which the aneurysm was simply occluded by clipping, although analysis (Table 9 , A and B) does show that age and condition play a role in clipping the aneurysm.
On looking over this survey from a broad point of view, it is clear that each more or less standard type of intracranial procedure reported has certain advantages and disadvantages. The choice of any given approach must therefore hinge on careful weighing of the requirements for a given patient, depending on his age, condition, blood pressure, and the type of aneurysm he may harbor, and the experience of the neurosurgeon with any given technique. SUMMARY 1. A survey of over ~00 cases of ruptured aneurysm of the anterior communicating artery has been presented from case material generously supplied in questiommires sent to ~4 neurosurgeons. The morbidity and mortality, as affecte(1 by various factors and intracraniat approaches in the treatment of these aneurysms, have been tabulated an(1 commented upon.
~. The timing of operation appears to be one of the most important factors influencing the success or failure of results. Unless the patient is young and/or in good condition, too early an operation (within 6 clays) can lead to a forbiddingly high mortality rate, while delays longer than 10 clays after the presenting subarachnoid hemorrhage can lead to unnecessary fatalities from recurrent hemorrhage without benefit of surgery. The optimal time for intracranial intervention therefore appears to be from Lhe 7th to the 9th day inclusive, after subarachnoid hemorrhage.
3. The technique of surgery is also important. Wrapping of the aneurysm or unilateral proximal occlusion of the anterior cerebral artery, while remarkably satisfactory, have led to fatal recurrent hemorrhages. Multiple permanent clips for local trapping procedures led to a high incidence of poor results. Multiple aneurysms, if only one is treated surgically, also led to a high mortality rate.
The ideal type of operative procedure therefore appears to be occlnsion of the aneurysm by direct clipping. The advantages of a bifrontal flap and hypothermia arc discussed to permit the precautionary use of bilateral hemostatic clips before exposing and clipping the aneurysm. With respect to the unilateral approach to this type of aneurysm, for example, I gathered, on pressing Dr. Lyle French, that his excellent results are ascribable in part to his practice of deliberately rupturing some of these aneurysms at the appropriate time so that the sac can then be "held" in the suction tip, and thus facilitate clipping the aneurysmal neck.
Mr. John Gillingham of Edinburgh was kind enough to tell me, when he too was questioned, that his technique of wrapping these and other aneurysms with fine-meshed gauze had thus far led to no recurrent bleeding from any ancurysm so treated.
The use of intravenous urea also was discussed, leading to some expressions of concern as to its routine use because of a tendency to excessive postoperative bleeding in some cases, its known rebound effect that sometimes can be serious 18 to 86 hours after operation, and the occasional occurrence of marked electrolyte disturbances. It finally was agreed, however, that judicious dosage and suitable precautionary measures (luring and after operation could prevent most of these effects. Spinal drainage instead of urea still can be useful.
The intracranial use of temporary clips also was discussed informally, particularly with regard to the risk of vascular injury at the site of application that might predispose to thrombosis. Analysis of postoperative angiograms and the few autopsy cases after their use indicated no thrombosis, unless hypotension had occurred or the total time of application of the clips exceeded 30 rain. The need for the lightest and most gently acting clip for a given vessel was stressed to avoid arterial injury, and reference was made repeatedly to Dr. Eben Alexander's warning in discussing this paper that such clips never should be placed too deeply across a vessel lest a scissor action occur that may actually cut an artery. The value of serrated inner or gripping surfaces of such clips to keep them from slipping off an artery was also mentioned.
The topical application of Regitane was mentioned by Dr. Stevenson of tlalifax as an effective means of relieving vasospasm intracranially.
Finally it was gratifying to learn that ~8 aneurysms of the anterior communicating artery have been operated upon by 11 colleagues (in addition to those of this survey) with a bifrontal approach for stepwise application of temporary clips 8 prior to clipping the aneurysm. Of these ~8 eases the results were excellent in ~, poor in 1 and fatal in 5.
These points are cited in an effort to bring together views and technical points from various sources under one heading dealing with the surgical management of this difficult type of aneurysm.
